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(54) Polymerization processes and resin particles formed thereby 



(57) A process for the preparation of resin particles 
comprising: heating a mixture comprised of a free radi- 
cal initiator compound, at least one stable free radical 
compound, at least one free radical polymerizable mon- 
omer compound, and at least one free radical polymer- 
izable crosslinking compound; and cooling the mixture, 



wherein the resulting product resin particles are 
crosslinked and are comprised of polymerized mono- 
mers and at least one crosslinking compound, and 
wherein the particles have a narrow particle size distri- 
bution, a narrow pore size distributran, and a high mon- 
omer to polymer conversion. 
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Description 

The present invention is generally directed to processes for the preparation of crosslinked thermoplastic or ther- 
nnoset resin particles. 

Of the known polymerization processes a preferred way to crosslink polymers or copolymers is by tree radical 
processes. Conventional free radical polymerization processes that are used to polymerize monomers in general, and 
lunciionalized monomers in particular, inherently give broad polydispersity resin products or require that sophisticated 
processrng conditions and materials handling protocols be employed. The use and availability of crosslinked resins 
having controlled particle size and operator selectable particle composition in industrial applications is limited because 
known free radical polymerization processes are generally difficult to control and produce, for example, insoluble pol- 
ymer gels, even if the crosslinking is accomplished in a separate post polymerization step. Consequently such crosslink- 
ing and polymerization processes are generally limited in their industrial utility Furthermore, the extent to which various 
lunctKDnal groups can be directly incorporated into the crosslinked polymer is limited because of physical limitations 
imposed on conventional free radical polymerization reactions, for example, the preparation of sulfonated polystyrene 
cross linked ion-exchange particles. 

Accordingly, there exists a need for improved processes for producing crosslinked polymers having operator con- 
ifollaolc or selectable crosslink density, particle size range, pore size distribution properties and functional group con- 
lent and further general processes which can be easily modified to selectively afford a wide variety of different 
crosslinked polymer product types which are tolerant of a wide variety of functional groups with the aforementioned 
propcflies crosslink density, particle size, pore size distribution properties and functional group content. 

In U.S. Patent No 5,322,912, there is disclosed free radical polymerization processes for the preparation of a 
thermoplastic resin or resins comprising: heating from about 100 to about ISO^G a mixture comprised of a free radical 
initiator, a stable free radical agent, and at least one polymerizable monomer compound to form the thermoplastic resin 
or resins with a high monomer to polymer conversion and a narrow polydispersity A broad spectrum of free radical 
reactive monomers arc suitable for use in the highly versatile polymerization process. While a variety of homopolymers 
and copolymers, including block and multiblock copolymers, could be prepared with high conversions and narrow 
polydispersities, no mention was made or suggested to include a crosslinking agent in the polymerization process to 
prepare crosslinked polymer resins and particles thereof with the aforementioned desirable resin and particle proper- 
ties. ^ 

It IS an object, in embodiments, of the present invention to overcome deficiencies of prior art preparative polym- 
erization processes for crosslinked and the like polymeric structures, and to provide polymerization processes with 
improved efficiency, improved flexibility and improved operational economies. 

According to one aspect of the present invention, there is provided a process for the preparation of resin particles 
comprising; heating a mixture comprised of a free radical initiator compound, at least one stable free radical compound, 
at least one free radical polymerizable monomer compound, and at least one free radical polymerizable crosslinking 
compound; and cooling the mixture. 

The free radical polymerization process of the present invention may be used to prepare a variety of crosslinked 
polymeric materials with well defined and controllable, particle size, particle size distribution, pore size, pore size dis- 
tribution, and functional group bulk or surface density or distribution. 

A "crosslinking compound or agent" or "crosslinker" as used herein refer to those compounds which are capable 
of forming a crosslink between two polymeric chain segments. The crosslink can, in embodiments, occur or be formed 
on a single polymer chain but predominantly occurs between two or more different polymeric chains. A "crosslink" 
refers, in embodiments, to the corresponding polymeric structural element resulting polymerization of one or more of 
the aforementioned crosslinking agents or compounds. In embodiments of the present invention, a crosslinking agent 
is capable of producing a crosslink and enables one or more polymer chains to be covalently attached, bridged, or 
linked. An exemplary free radical polymerizable crosslinking compound contains at least two non adjacent free radical 
polymerizable double bonds. 

Suitable crosslinking agents can be, but are not limited to the general formula 

CR% = CR^ -R-CR^ =CR\ 

wherein the crosslinking compounds contains at least two unconjugated free radical polymerizable double bonds, R 
is a group which separates the two double bonds and can contain such groups as alkyi, alkylene, alkylaryl, and cy- 
cloalkyl substituents with from 1 to about 25 carbon atoms, and combinations with various suitable heteroatoms in- 
cluding oxygen, nitrogen, sulfur, phosphorous, and the like atoms, and Ri groups are independently selected from 
hydrogen, and carbon containing substituents with from 1 to about 25 carbon atoms. 

Suitable free radical polymerizable crosslinking compound include but not limited to vinylstyryl compounds, divi- 
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concentration decreases relative to the crosslinker compound concentration, the aforementioned pore size and pore 
size distribution relation becomes increasingly smaller 

Polymerizable monomers suitable for use In the present invention, in embodiments, include any free radical reactive 
unsaturated compounds such as styrene compounds; unsaturated hydrocarbon compounds; conjugated diene com- 

5 pounds; acrylate esters and alkyi acrylate esters with from 5 to 25 carbon atoms; N-vinyl acetates; amine, carboxyl. 
aldehyde, alkyI, cyano, and hydroxyl substituted acrylic acids and acrylic acid esters having from 2 to about 20 carbon 
atoms; acrylamide; methacrylamide; acrylic acid; methacry lie acid; acrolein; dimethylamlnoacrylate; hydroxy alkyI and 
amino alkyI acrylates of the formula CH2=C(-R1)-(C=Z)-R2 where R1 Is hydrogen, R2 is selected from the group 
consisting of -ORi and -NR^Rg where and Rg have from 1 to about 1 0 carbon atoms, and where Z is selected from 

10 the group consisting of oxygen and sulfur atoms; and mixtures thereof. In embodiments, from 1 to about 10 different 
free radical polymerizable monomers can be selected and simultaneously polymerized in any given monomer addition 
polymenzation step. In other embodiments of the present invention, a single monomer or from 2 to about 1 0 free radical 
polymerizable monomers can be Included in the reaction mixture prior to heating or added sequentially during the 
course of the heating of the polymerization reaction mixture, for example, in the preparation of block or multiblock 

1^ copolymers. 

The heating is preferably accomplished in from about 30 minutes to about 60 hours at a temperature of from about 
70toabout 175^C. 

The cooling of the polymerization mixture is preferably accomplished below about 100 **C, preferably below about 
80 °C, and more preferably below about 40°C to about 60''C temporarily or permanently suspend the monomer addition 
20 polymerization process. 

In embodiments of the present invention, it is envisioned that the resulting crosslinked resin particles can be com- 
bined with at least one additional additive or formulation component, such as a colorant, a magnetic component, a 
charge control additive, a surfactant, an emulsifler, and a pigment dispersant, a second non crosslinked resin, to form 
a mixture, and wherein the mixture is melt blended to form a mixture suitable for use as a toner The combination with 
other additives can be accomplished prior to, during, or subsequent to the heating step. In embodiments, the resulting 
crosslinked resin particles can be combined with, for example, an inorganic element, an inorganic oxide compound, 
and mixtures thereof for the purpose of preparing filled resins which are useful as, for example, magnetic toners. 

In other embodiments of the present invention, It is envisioned that the initial reaction mixture can be combined at 
least one other additive or formulation component, such as a colorant, a charge control additive, a surfactant, an 
emulsifier, a pigment dispersant, and mixtures thereof, prior to heating, to form a second mixture comprised of particles 
suitable for use as a toner when the mixture is subsequently polymerized with heating. Irradiation, and equivalent 
means for effecting stable free radical mediated type polymerizations. 

In other embodiments of the present, It is possible to copolymerize mixtures of mono- and or difunctlonal free 
radical reactive monomers, such as olefins and conjugated dienes. and crosslinking compounds with mono- or multi- 
functional branching agent monomers to produce various crosslinked and branched copolymer architectures or copol- 
ymenc segments structures which contain both monomer types. Some advantages of the aforedescrlbed process 
variant include the ability to prepare highly crosslinked and branched copolymeric materials, and the ability to eliminate 
additional, separate, or unnecessary polymerization, crosslinking, and chain branching steps. 

In embodiments of the present invention, the monomer to polymer conversions typically range of from about 10 
to about 100 percent depending upon polymerlzatlon/crosslinking conditions selected; the extent to which the steps 
in the crosslinking are completed; and the number of times the concurrent polymerization and crosslinking sequence 
is successively repeated. 

The processes can be operated as batch, semi-continuous or continuous processes. The processes can be carried 
out in solution, bulk, suspension, emulsion, phase transfer, and extrusion reaction conditions. The processes of the 
present invention provide from about 1 to about 99 percent by weight of the reaction mixture prior to polymerization 
and crosslinking to be a free radical reactive monomer or monomer mixtures. The processes produce polymer products 
which have operator selectable low, intermediate, or high molecular weight; well defined crosslinking properties; low 
residual salt content or are salt free; posses thermal and acidic stability; and low toxicity; if desired. 

In embodiments, the present Invention overcomes many of the problems and disadvantages of the aforementioned 
related art crosslinking polymerization processes by forming In situ, high functional group content crosslinked polymeric 
resins and wherein high conversion from monomer to polymer is achieved, for example, as illustrated herein. 

The stable free radical agent in embodiments of the present invention, is comprised of a compound with a sterically 
hindered atom bearing a stable free radical, selected from the group consisting of sterically hindered nitroxyl com- 
pounds, organic hydrazyls, organic verdazyls, pyridlnyl compounds, organic aroxyls, aryl alkyls and aryl cycloalkyls in 
which the unpaired electron is on a carbon atom in the alkyI or cycloalkyi group, and compatible mixtures thereof, and 
wherein the stable free radical agent is themnally stable, that is the compound itself does not decompose to any extent 
under the conditions of the present process, and does not react to any appreciable extent with conventional free radical 
initiator compounds, such as benzoyl peroxide and peroxy radical species derived therefrom upon thermal or photo- 



ns 



30 



35 



40 



45 



SO 



55 



4 



BNSDOCID: <EP ^0826697A2_L> 



EP 0 826 697 A2 



5 



30 



35 



40 



45 



SO 



itiators are normally used .n amounts of 3'^°"* ° °^ P^^'^^"^^^^ ^eiqht of the total polymerizable 

«nd h^roDeroSdes more specifically sodium, potassium and ammonium persulfate; peroxides such as hydrogen 
T^c^Z rZT^lZ^^^L, cumene hydroperoxide, para-menthane hydroperoxide; ^^^J^l^^T^^^^^^ 

""Ij^efrJSnUnLi^ provides crosslinked polymer products with a latent thermally reactive or 'aten.func.tona. 
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yethylene glycols, polypropylene glycols, amides, carboxy lie acids and salts thereof, esters, organosulfides, sulfoxides, 
sulfones. alcohol derivatives, hydroxyether derivatives such as butyl CARBITOL® or CELLOSOLVE®, amino alcohols, 
ketones, and the like, derivatives thereof, and mixtures thereof. Specific examples include ethylene glycol, propylene 
glycol, diethylene glycol, glycerine, dipropylene glycol, tetrahydrofuran, and mixtures thereof. When mixtures of water 
5 and water soluble or miscible organic liquids are selected as the reaction media, the water to cosolvent weight ratio 
typically ranges from about 100:0 to about 10:90, and preferably from about 97:3 to about 25:75. 

The polymerization reaction rate of the monomers may, in embodiments, be Inhibited or accelerated and the re- 
action time Influenced by the addition of minor amounts of a protic acid selected from the group consisting of inorganic 
acids, such as sulfuric, hydrochloric, and the like, and organic sulfonic and carboxylic acids. Although a definitive trend 

10 is presently not well defined, the added acid may have a profound or very little effect on the polymerization rate, de- 
pending upon a variety of reaction variables and conditions. Excessive addition of inorganic and organic acid beyond 
equimolar amounts compared to the stable free radical agent causes the polydispersity of the primary polymer chain 
to broaden. In embodiments, the protic acid source may be in the form of an effective acid functional group such as 
carboxylic, sulfonic, phosphonlc. and the like groups, contained in either the stable free radical agent or in the free 

'5 radical initiator compound. 

Alternatively, crosslinked block copolymer resins may also be prepared whereby after each desired block has been 
formed a new monomer or monomers is added, wrthout the addition of more initiator or stable free radical agent, to 
form a new block wherein each block component is well defined in length and has a narrow molecular weight distribution 
and having properties depending on the repeated sequence and the monomers chosen for Incorporation. Monomers 

20 added subsequent to the formation of the first formed crosslinked resin or elastomer may be water soluble or water 
insoluble. Judicious selection of the water solubility properties of added monomers and the resulting polymeric segment 
enables convenient synthetic routes to crosslinked block and muftiblock copolymers having primary structures or pol- 
ymer chains with narrow polydispersities that are useful, for example, as surfactants, resin compatibilizers, such as 
"molecular velcro", geometrically well defined polymeric resin particles which are readily and highly dispersible in water 

^5 or aqueous vehicles, viscosity modifiers, and emulsifiers. 

Additional optional known additives may be used in the polymerization reactions which do not interfere with the 
objects of the invention and which may provide additional performance enhancements to the resulting crosslinked 
product, for example, colorants, lubricants, release or transfer agents, surfactants, stabilizers, antifoams, and antioxi- 
dants 

Illustrative examples of resins obtained with the invention processes and suitable for toner and developer compo- 
sitions of the present invention include crosslinked, and mixtures of crosslinked and uncrosslinked polymers, such as 
styrene acrylates, styrene methacrylates. styrene butadienes, vinyl resins, including homopolymers and copolymers 
of two or more vinyl monomers: vinyl monomers include styrene, butadiene, and myrcene: vinyl esters like esters of 
monocarboxylic acids including methyl acrylate, n-octyl acrylate, phenyl acrylate, methyl methacrylate, butyl methacr- 
ylate: acrylonitrile, methacrylonitrile, and acrylamide. Preferred toner resins include styrene butadiene copolymers, 
and mixtures thereof. Other preferred toner resins include styrene/n-butyl acrylate copolymers, PLIOLITES®; suspen- 
sion polymerized styrene butadienes, reference U.S. Patent 4,558,108. 

In toner compositions, the resin particles are present in a sufficient but effective amount, for example from about 
70 to about 90 weight percent. Thus, when 1 percent by weight of the charge enhancing additive is present, and 10 
percent by weight of pigment or colorant, such as carbon black, Is contained therein, about 89 percent by weight of 
resin is selected. Also, the charge enhancing additive may be coated on the pigment particle. When used as a coating, 
the charge enhancing additive is present in an amount of from about 0. 1 weight percent to about 5 weight percent, and 
preferably from about 0.3 weight percent to about 1 weight percent. 

Numerous well known suitable pigments or dyes can be selected as the colorant for the toner particles including, 
for example, carbon black like REGAL 330® (tradename), nigrosine dye. aniline blue, magnetite, or mixtures thereof ! 
The pigment, which is preferably carbon black, should be present in a sufficient amount to render the toner composition 
highly cotored. Generally, the pigment particles are present In amounts of from about 1 percent by weight to about 20 
percent by weight, and preferably from about 2 to about 10 weight percent based on the total weight of the toner 
composition; however, lesser or greater amounts of pigment particles can be selected. 

When the pigment particles are comprised of magnetites, thereby enabling single component toners in some in- 
stances, which magnetites are a mixture of iron oxides (FeO-FegOa) including those commercially available as MAPI CO 
BLACK® (tradename), they are present in the toner composition in an amount of from about 10 percent by weight to 
about 70 percent by weight, and preferably in an amount of from about 10 percent by weight to about 50 percent by 
weight. Mixtures of carbon black and magnetite with from about 1 to about 15 weight percent of carbon black, and 
preferably from about 2 to about 6 weight percent of carbon black, and magnetite, such as MAPICO BLACK® (trade- 
name), in an amount of, for example, from about 5 to about 60, and preferably from about 1 0 to about 50 weight percent 
can be selected. 

There can also be blended with the toner compositions of the present invention external additive particles including 
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flow aid additives which additives are usually present on the surface thereol. Examples of these additives include 
cirdal stls su^as JeROSIL®. metal salts and metal salts of fatty acids inclusive of zinc stearate, alum.num 
fixtures thereof, ^ich additives are gene.lV P-f";*" ^^^^^^^ 

charqradSivesTn an amount of from about 1 to about 30 weight percent and preferably 10 we.ght percent followed 

polypropylenes utilized for the toner compositions are believed to have a molecular weight o f rom «b°ut 4^00° to a^^^^^^ 
SoManyofthepolyethyleneandpolyp^^^^^ 

'''%rL'mScTarweight wax materialsareoptionally present in the 

Of the presenT?nvention in various amounts, however, generally these waxes are present .n the toner composmon .n 

amornfol (^^^^^^^ 1 percent by weight to about 15 percent by weight, and preferably in an 7-"' '^^f 
^percent by weight to about 10 percent by weight and may in embodiments function as f user roll release agents^ 

EncSr^paTsed within the scope of the present invention are colored toner and developer composrt.ons comprised 
oftonerTeTnpaSlerrarrierpaLles.thec^ 

^IT wu^ Zn brown magenta, cyan and/or yellow particles, as well as mixtures thereof. More specifically, wrth 
fgardtMhTge^erronofcolorimagesutiliz^^ 

ridichltSrnzXe acetoacetanilides. and Permanent Yellow FGL. The aforementioned pigments are '"corporated 
fnto me to^r co^^^^^^^ in various suitable ellectKre amounts provWing the objectives of the present 'nventio" are 
Silvei in cie embodiment, these colored pigment particles are present in the °* 
^om about 2 percent by weight to about 15 percent by weight calculated on the weight o the P^^^f^ 

For^e formulation of developer compositions, there are mixed with the toner particles earner components, par- 
ticuteS m^rt^^^ ^ca^^^^^ of triboelectricalV assuming an opposrte polarity to that of the toner composrtu.n. A^ 
roSnirt^e carrieTpa are selected to be of a negative polarity enabling the toner particles, which are positively 
cSS to Xe to a^d 3,^^^^^^ the carrier particles. Illustrative examples of carrier particles include iron powder. 

StT^cSr^^^^^^^^ 
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SO 



furthermore the dimeter of the carrier particles, preferably spherical in shape, is generally from about 50 r^'^^^^^^ 
.0 «boun MO microns and in embodiments about 175 microns thereby permitting them to possess sufficient density 
Si^^e Ja^lo avoTS^^^^^^^ the electrostatic images during the development process. The carrier component 
Sn be mfxed w^the toner composition in various suitable combinations, however, best resuUs are obtained when 

^^^^^^^^ 



ss ^^^-^f ^^^l^'^^ ^^^p,3,,,,3 3e,ected for use in electrostatog^phic imaging aPPa-;-- ^^^^^ 
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negatively, such as those described in U.S. Patent 4,265,990. Illustrative examples of inorganic photoreceptors that 
may be selected for imaging and printing processes include selenium; selenium alloys, such as selenium arsenic, 
selenium tellurium and the like; halogen doped selenium substances; and halogen doped selenium alloys. 

The toner compositions are usually jetted and classified subsequent to preparation to enable toner particles with 

5 a preferred average diameter of from about 5 to about 25 micrometers (5 to about 25 microns), and more preferably 
from about 8 to about 12 micrometers (8 to about 12 microns). Also, the toner compositions preferably possess a 
triboelectric charge of from about 0.1 to about 2 femtocoulombs per micron as determined by the known charge spec- 
trograph. Admix time for toners are preferably from about 5 seconds to 1 minute, and more specifically from about 5 
to about 15 seconds as determined by the known charge spectrograph. 

10 Also, the toner compositions prepared from resins of the present invention possess desirable narrow charge dis- 

tributions, optimal charging triboelectric values, preferably of from 10 to about 40, and more preferably from about 10 
to about 35 microcoulombs per gram as determined by the known Faraday Cage methods with from about 0. 1 to about 
5 weight percent in one embodiment of the charge enhancing additive; and rapid admix charging times as determined 
in the charge spectrograph of less than 15 seconds, and more preferably in some embodiments from about 1 to about 

15 14 seconds. 

EXAMPLE I 

Preparation of Crosslinked Poly(styrene sulfonate-sodlum salt) 1:1 molar ratio of SS-Na and DVB. To a 

round bottom flask was added styrenesulfonate-sodium salt (SS-Na, 10 g, 0.0487 mole), divinylbenzene (DVB, 6.34 
g, 0.0487 mole), and TEMPO (0.91 g, 0.00583 mole). To this was added ethylene glycol (24 mL) and water (16 mL) 
and heated to BO^C. Then a redox initiator system, potassium persulfate (0.877 g, 0.00324 mole) and sodium bisulfite 
(0.44 g): was added. After one half hour, the heterogeneous solution was heated to reflux. After 7 hours, the reaction 
was cooled and precipitated into a solution of methanol/acetone (220 mL 1 :1 ratio). The white powder was isolated 
2S and dried to yield 12.2 g (66%) of product. 

EXAMPLE II 

Preparation of Crosslinked Poly(styrene sulfonate-sodium salt) 1:0.S molar ratio of SS-Na and DVB. To a 

30 round bottom flask was added styrenesulfonate-sodium salt (SS-Na, 10 g, 0.0487 mole), divinylbenzene (DVB. 3.17 
g. 0.02435 mole), and TEMPO (0.688 g. 0.00438 mole). To this was added ethylene glycol (24 mL) and water (1 6 mL) 
and heated to 80«C. Then a redox Initiator system, potassium persulfate (0.656 g, 0.00243 mole) and sodium bisulfite 
(0.376 g), was added. After one half hour, the heterogeneous solution was heated to reflux. After 7 hours, the reaction 
was cooled and precipitated into a solution of methanol/acetone (200 mL 1:1 ratio). The white powder was isolated 

35 and dried to yield 9.2 g (62%) of product. 

EXAMPLE III 

Preparation of Crosslinked Poiy(styrene sulfonate-sodium salt) 1 :0.33 molar ratio of SS-Na and DVB. To a 

40 round bottom flask was added styrenesulfonate-sodium salt (SS-Na 10 g, 0.0487 mole), divinylbenzene (DVB, 2 1 g, 
0.0162 mole) and TEMPO (0.606 g, 0.00389 mole). To this was added ethylene glycol (24 mL) and water (16 mL) and 
heated to 80*»C. A redox initiator system, potassium persulfate (0.584 g, 0.00216 mole) and sodium bisulfite (0.292 g), 
was added. After 40 minutes, the heterogeneous solution was heated to reflux. After 7 hours, the reaction was cooled 
and precipitated into a solution of methanol/acetone (200 mL, 1:1 ratio). The white powder was isolated and dried to 

45 yield 1 0. 1 g (74%) of product. 

EXAMPLE tV 

Preparation of Crosslinked Poly(styrene sulfonate-sodium salt) 1 :0.16 molar ratio of SS-Na and DVB, To a 

so round bottom flask was added styrenesulfonate-sodium salt (SS-Na, 10 g, 0.0487 mole), divinylbenzene (DVB, 1.05 
g. 0.0081 mole), and TEMPO (0.53 g. 0.00341 mole). To this was added ethylene glycol (24 mL) and water (16 mL) 
and heated to80*C. Then a redox initiator system, potassium persulfate (0.51 g, 0.00189 mole) and sodium bisulfite 
(0.25 g), was added. After 40 minutes, the heterogeneous solution was heated to reflux. After 7 hours, the reaction 
was cooled and precipitated into a solution of methanol/acetone (200 mL, 1:1 ratio). The white powder was isolated 

55 and dried to yield 5.0 g (41%) of product. 

The four products from the respective Examples l-IV were particulate powders and were free flowing. The free 
flowing property suggests that there was no gel fomriation in the reaction mbrtures. The isolated particulate solids were 
dispersed in water and the particle sizes measured on a NICOMP submicron particle sizer (Model 370) or a Brookhaven 
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Instruments BI-DCP disk centrifuge particle sizer. The particle sizes are reported in volume weighted distribution us.ng 
he Brookhaven Instruments BI-DCP disk centrifuge particle sizer. The maximum in the particle d-stnbut.on, that s, 
maxTrTm particle size occurrence in the particle size distribution is given the column labeled "particle size^ The chs- 
UibutrnTange of particle sizes, from the smallest to largest particle size, is given in the column labeled Distr Range . 



Example 


SS-Na:DVB 


Particle Size (nm) 


DIstr. Range 


1 


1:1 


350 


210nm-1 micrometer 


II 


1:0.5 


600 


450 nm-1 micrometer 


III 


1:0.33 


700 


420 nm-1. 4 micrometer 


IV 


1:0.16 


840 


630 nm-1. 5 micrometer 



EXAMPLE V 

Preoaration of Crosslinked Copoly(styrene-styrene sulfonate-sodium salt) 1 .0:1 .0:0.5 molar ratio of St:SS- 
Na-oTeTa °ound bStom flask is Ls6 sVenesu.fonate-sodium salt (SS-Na^ ^^^J^^' "r'^T^t^^ts added 
0 0487 mole) divinylbenzene (DVB. 3.17 g. 0.02435 mole), and TEMPO (0.53 g, 0.00341 mole). To this is added 
etSZe g yiol (24 mL) and wkr (^6 mL) and heated to 80-C. Then a redox initiator system, potassium persul^^e 
(i s 9 0^01 89 mole) and sodium bisulfite (0.25 g), is added. After 40 minutes, "^^/'-^^^^"^^"y 
to reflux. After 7 hours, the reaction is cooled and precipitated into a solution of methanol/acetone (200 mL. 1 .1 ratio). 

EXAMPLE VI 

Preparation of Crosslinked Copoly(butylacrylate-styrene sulfonate^odium salt) 1 .0:0.5 molf^/aj'* f f 
Na-DieTa^ound bottom flask is added styrenesu«onate-sodium salt (SS-Na, 10 g. 0.0487 e);^^utylf jyla^ 
Te 24 0 0487 mole). dK/inylbenzene (DVB. 3.17 g, 0.02435 mole), and TEMPO (0.53 g, 0 00341 mole). To this is added 
Sens glycol (24 mL) and water (16 mL) and heated to 80»C. Then a redox inrtlator system, potassium persu«ate 
S 5 g, 0^0189 mole) and sodium bisulfite (0.25 g). is added. After 40 minutes. ^^^^/^-^--S-^^y ^^^^^^^^^^ 
to reflux. After 7 hours, the reactkx, » cooled and precipitated into a solution of methanol/acetone (200 mL. 1 . 1 ratio). 

EXAMPLE VII 

Droo«rMion of Crosslinked Dolystyrene 1.0:0.03 molar ratio of styrene:DVB To a round bottom flask is added 
styrenes7?ro 09?rot) d^^^^^^ (DVB, 0.375 g. 0.00288 mole), and TEMPO (0.53 g. 0.00341 mole). To 

t£te added ethylene glycol (24 mL) and water (1 6 mL) and heated to 80-C. Then a redox initiator system, potass um 
pe^ulfatM0.5lT^^^^^^ mole) and sodiurr. bisulfite (0.25 g), is added. After 40 minutes ^^^^l^-^-^-^^^otmL 
fs heated to reflux. After 7 hours, the reaction is cooled and precipitated into a solution of methanol/acetone (200 mL, 

1:1 ratio). 
EXAMPLE VIII 

IWagnetic Toaer Preparation and Evaluation The polymer resin (74 weight percent of the total mixture) obtained 
by the tfable free radical polymerization processes in Example 1 may be melt extruded with 1 0 weight percent of REGAL 
SSbon black and 16 weight percent of MAPICO BLACK® magnetite at 120»C, and the extrudate pulvenzed in 
a wiing b^d^^^^^^^ ietted to I mLn number average sized particles. A positively charging -9-^;;^^^^^^^^ 
prepared by surface treating the jetted toner (2 grams) with 0.1 2 gram of a 1 .1 weight ra^io of ^EROSIL R972® (D^ 
Qussa) and TP-302 a naphthalene sulfonate and quaternary ammonium salt (Nachem/Hodogaya SI) charge control 
arer^.^c?herton^;addtt^^^^ 

flc H^iciirpd reterence for example, U.S. Patent No. 4,937,157. 

?e7etperrmpositions may then be prepared by admixing 3.34 parts by weight of the ^lorementioned toner 
composition with 96.66 parts by weight of a carrier comprised of a steel core with a polymer mixture thereover contain ng 
7o7e"em by weight of^KYNAU a polyvinylidene fluoride, and 30 percent by weight °' P^'V^^^' ^^^^^^^^^^^^^ 
coating weight being about 0.9 percent. Cascade development may be used to develop a Xerox Model D Photoreceptor 
uSg a Wive- tirget. The l^ht exposure may be set between 5 and 1 0 seconds and a negative bias used to dark 
transfer the positive toned images from the photoreceptor to paper. 
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Claims 

1 . A process for the preparation ot resin particles comprising: 

s heating a mixture comprised of a free radical initiator compound, at least one stable free radical compound, 

at least one free radical polymerizable monomer compound, and at least one free radical polymerizable 
crosslinking compound; 
and cooling the mixture. 

10 2. A process in accordance with claim 1 wherein the resulting product resin particles are crosslinked and are com- 
prised of polymerized monomers and at least one crosslinking compound, and wherein the particles have a narrow 
particle size distribution and a narrow pore size distribution, and a high monomer to polymer conversion. 
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\. A process in accordance with either of claims 1 or 2, wherein there is selected an ionizable polymerizable monomer 
and a nonionizable polymerizable monomer in an amount of from about 99:1 to about 1:99 mole percent, and 
wherein there results a crosslinked polymeric product with an Ionic group bulk and surface density which is sub- 
stantially proportional to the ionizable monomer mole percent present during heating. 

. A process in accordance with claim 3, wherein there is selected a styrene sulfonate compound as the ionizable 
polymerizable monomer and a nonionizable styrene compound as the nonionizable polymerizable monomer in a 
mole ratio of from about 100:0 to about 1:99, and a divinyl benzene compound as the crosslinking compound in 
a mole ratio of from about 0.01:1 .0 to about 0.75:1 .0 with respect to the polymerizable monomers, and wherein 
there results a crosslinked polymeric product with a sulfonate bulk and surface density of from about 99.99 mole 
percent to about 0.99 mole percent. 

5. A process in accordance with any of claims 1 to 4, wherein the free radical polymerizable crosslinking compounds 
selected contains at least two non adjacent free radical polymerizable double bonds. 

6. A process in accordance with any of claims 1 to 4, wherein the free radical polymerizable crosslinking compound 
*s selected from the group consisting of vinylstyryl compounds, divinylstyryl compounds, divinylacrylate com- 
pounds, divinyl alkylacrylate compounds, divinylacrylamide compounds, di (N-vinyl) compounds, unconjugated 
diene compounds, unconjugated diallyl compounds, and mixtures thereof. 

7. A process in accordance with any of claims 1 to 6, wherein the stable free radical compound is selected from the 
3S group consisting of sterlcally hindered nitroxyl compounds, organic hydrazyls, organic verdazyls, pyridinyl com- 
pounds, organic aroxyls, aryl alkyls and aryl cycloalkyls in which the unpaired electron is on a carbon atom in the 
alkyi or cycloalkyi group, and compatible mixtures thereof. 
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B. A process in accordance with claim 1 wherein the free radical polymerizable monomer is a reactive unsaturated 
compound selected from the group consisting of styrene compounds, unsaturated hydrocarbon compounds, con- 
jugated diene compounds, acrylate esters and alkyI acrylate esters with from 5 to 25 carbon atoms, N-vlnyl ace- 
tates, amine, carboxyl, aldehyde, alky I, cyano, and hydroxyl substituted acrylic acids and acrylic acid esters having 
from 2 to about 20 carbon atoms; acrylamide; methacrylamide; acrylic acid; methacryllc acid; acrolein; dimethyl- 
am inoacry late; hydroxy alkyI, and amino alkyI acrylates of the formula CH2=C(-R1 )-(C=Z)- R2 where R1 is hydro- 
^ gen, R2 is selected from the group consisting of -OR^ and -NR^Ra where R^ and R2 have from 1 to about 10 

carbon atoms, and where Z is selected from the group consisting of oxygen and sulfur atoms; and mixtures thereof. 

9. A process in accordance with any of claims 1 to 8, further comprising combining with the mixture prior to or during 
heating, at least one member selected from the group consisting of a colorant, a magnetic component, a charge 

^0 control additive, a surfactant, an emulsifier, a pigment dispersant, and mixtures thereof, to form a second mixture 

comprised of particles suitable for use as a toner. 

10. A process in accordance with any of claims 1 to 8, further comprising combining the resulting crosslinked resin 
particles with at least one member selected from the group consisting of a colorant, a magnetic component, a 

55 charge control additive, a surfactant, an emulsifier, a pigment dispersant, and mixtures thereof, to form a mixture, 

and wherein the mixture is melt blended to form a toner. 
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(57) A process for the preparation of resin particles 
comprising: heating a mixture comprised of a free radi- 
cal initiator compound, at least one stable free radical 
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izable crosslinking compound; and cooling the mixture. 



wherein the resulting product resin particles are 
crosslinked and are comprised of polymerized mono- 
mers and at least one crosslinking compound, and 
wherein the particles have a narrow particle size distri- 
bution, a narrow pore size distribution, and a high mon- 
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